An attempt is made to systematize our knowledge of certain drugs which are supposed to exercise a direct or indirect stimulating action on the heart. The actions on the circulation of strychnine, alcohol, camphor, adrenaline and pituitrin, which have been taken as representative examples, are briefly reviewed, with the object of separating out points in their actions in regard to which clinicians and pharmacologists are in general agreement, and of suggesting explanations for some of the dissensions that remain. The suggestion is made that much of the prevailing confusion in regard to the actions and uses of such drugs is due to the fact that we have as yet no sufficiently accurate classification either of " cardiac stimulants " or of " cardiac failures," wherefore it is difficult to bring a disorder and its remedy into proper alignment.]
MEMBERS of this Section of Pharmacology and Therapeutics have more than once expressed the opinion that the question of cardiac stimulants would be suitable for discussion, and it was suggested that I might utilize the presidential address as a preliminary survey of the subject, in the hope of drawing attention to points that might profitably be discussed.
The word " stimulant " is generally taken to mean something which produces a prompt but transient increase of activity of an organ, whereas the word "tonic" usually conveys the suggestion of an increased activity or tone which is brought on more slowly, but which is more enduring. Though both terms are often loosely employed, this distinction is fairly clear in regard to so-called stimulants and tonics of the heart. Though it would be legitimate from some points of view to regard, for example, the intravenous injection of strophanthin as a cardiac stimulant, I know that you do not wish me to consider the members of the digitalis group. Much research has been done on them, and the nature of their actions and their sphere of use have been delimited with much precision. There is, however, no similar agreement as to the influence on the circulation of such substances as camphor, alcohol, or strychnine. Not only is there among pharmacologists disagreement as to their method of action, but there is the utmost diversity of opinion among clinicians as to their therapeutic value. The task I have set myself is to review an admittedly heterogeneous group of drugs which are sometimes included under the designation of cardiac stimulants, in the hope of throwing into relief such facts as are generally agreed upon, aind of suggesting explanations for some of the discrepancies.
It would seem logical, if not imperative, to begin by a strict definition of what is to be included under the term cardiac stimulant, but it will be convenient first to consider the action of certain drugs which have been included in this group.
We may begin with strychnine. That strychnine in certain circumstances increases the excitability of the central nervous system, and specifically, among other areas, the vasomotor and respiratory centres, is generally agreed. It is a matter of almost equal agreement that strychnine has no direct action on heart muscle, e.g., on the perfused heart. Clinically, strychnine has been largely used as a stimulant where failure of the circulation with weakness of the heart is one feature, and, since I once saw early in my career an astonishing improvement in the pulse and respiration produced in an almost moribund patient by the subcutaneous injection of * gr. of strychnine, I have believed that in such circumstances it may be very valuable. The point of dispute is of course how it acts. I do not believe that, so far as its action on heart muscle is concerned, strychnine ever lengthened or NOv.-THERAP. 1 saved a life. It is a central vasomotor and respiratory stimulant. The main effects of stimulation of the vasomotor centre are well known. The arterioles, especially of the splanchnic area, which are well supplied with vasoconstrictor nerves, contract, while the vessels of the heart, lungs and central nervous system, which are feebly if at all so supplied, dilate. The general effect, therefore, is to raise the aortic pressure and to drive more blood tbrough those organs which are more immediately necessary for the continuance of life. So far as the heart is concerned, this redistribution of blood improves the heart-beat by increasing the blood-supply to the heart through the coronary vessels, which supply is mainly proportional to the aortic pressure; by this increase in its nutrition and oxygen supply the heart may benefit temporarily or more permanently. Even thus far, and in regard to its method of action, there is considerable agreement among clinicians and pharmacologists. Where there is conflict of opinion is as to when, if ever, it should be used, and what is its real therapeutic value. In regard to this I think there are three points which, though elementary, have not been sufficiently recognized; if they were, our knowledge of when and how to use strychnine might be more precise. With regard to the circulation, in the first place it would seem useless to employ it unless the primary failure is vascular and not cardiac, therefore precision of diagnosis is necessary before cases in which it is useful can be separated from cases in which it is useless. Secondly, presuming that a vascular and not primarily a cardiac paresis can be diagnosed, there are other factors which will modify the action of strychnine. It is well known, for example, that the reaction of the nervous system to stimulation depends upon the state of excitability of it at the time. It is probable that, if the vasomotor centre is depressed, e.g., by the action of toxins, or prolonged impairment of blood-supply, strychnine may have little or no action on it. Moreover, if the vascular failure is a capillary stasis, or if the vessel walls have lost their excitability, stimulation of the vasomotor centre can give no benefit. Lastly, there is the all-important question of dosage. I was pleased to find that Whitla stresses this point and advocates the hypodermic injection of 1fn gr., and says that it is probably valueless in a dose of Igr. I have long been convinced of this, and believe that, especially in conditions of circulatory failure with consequent depression of the central nervous system, it is useless to give less than gr. to W gr.
To sum up, strychnine in sufficient doses is useful as a stimulant to the vasomotor centre. In deep depression of this centre, or in cases of peripheral paralysis of the vessels, it will fail to act. If we were in a position to determine more exactly the nature and degree of vascular paralysis, it is probable that the sphere of utility of strychnine would be more narrowly delimited and the present divergencies of opinion as to its value would largely disappear.
No apology need be made for taking alcohol next, or indeed for being dogmatic in regard to it; the literature on the subject is vast and it would take more time than I have at my disposal to quote arguments for or against its use.
The antagoDistic views in regard to the action of alcohol on the circulation are partly due to the fact that it is administered in two entirely different ways which are frequently confused. Its action must differ according to the method of administration, as must the conditions, if any, for which it is useful.
In the first place concentrated alcohol in the form of whisky or brandy in small amounts has been given, for example, for fainting in more or less healthy people. From experience I agree with the traditional and popular opinion that in such cases it brings about some improvement in the circulation. There is little room for disagreement as to how it acts in such a case, and there seems to be nothing mysterious about it. The effect with wbich alcohol is credited comes on too soon for it to be due to the action of absorbed alcohol, and it is too independent of the quantity, and too dependent upon the concentration, for it to be other than a reflex action. Seeing that irritation of the mouth and upper part of the alimentary canal, among other forms of peripheral irritation, is known to stimulate reflexly the medullary centres, it would seem difficult for alcohol in an irritant concentration to avoid exercising this effect. If it is as simple as this, you may well ask why there is disagreement. One pertinent and perhaps sufficient cause for this disagreement is that it is useless to consider the action of such a reflex stimulant unless in relation to the condition of the nervous system of the patient at the time. Of this reservation there are two obvious applications. First, because neat brandy produces no marked reflex effect on a healthy conscious patient, it does not follow that it will not produce some effect on a patient who is semiconscious or unconscious owing to sudden failure of the circulation. Second-and this is only an apparent contradiction-though brandy may produce a reflex effect on the medullary centres in such a case of sudden circulatory failure, it does not follow that it will display the same effect in a patient suffering from gradual circulatory failure occurring in the course of a long illness. If the central nervous system be depressed, not from momentary defective circulation but from prolonged defective blood-supply, or from toxic action, the medullary centres may be long past stimulation by such reflex irritation. Indeed, physiological experiment has shown that in gradual paralysis of the vasomotor centre it is the effect of -reflex stimulation that disappears first. Also it must be remembered that there is nothing specific and nothing dramatic about this action of alcohol. It cannot be compared with the action of an intravenous injection of adrenaline. It is an action which may be just worth while in a limited set of circumstances, in just such circumstances in fact as the common experience and judgment of mankind have decided in its favour.
But alcohol is used differently and in quite other circumstances for a supposedly beneficial action on the circulation. Some give it in prolonged illness-in pneumonia, in typhoid or even in impairment of the circulation in old age-in which cases alcohol has a doubtful reputation as a cardiac stimulant. In such conditions it is not usually given in such concentration as to have any reflex action. It may even be administered in such a menstruum as milk, which will mitigate such action. No sudden effect is expected from it, and it may be given continuously for days in regular quantities. Here we are concerned with the actions of alcohol after absorption; as these are highly complex, an estimation of its value in different conditions will be correspondingly difficult. It is not possible here to consider its general action on the nervous system, its antipyretic action or its food value, though the indirect results of such actions on the circulation may be far from negligible; we can only deal with the more immediate effects on the circulation.
Most pharmacologists hold that alcohol has no direct stimulatory action on the heart, and experiments on intact animals and on human patients have shown that it does not markedly influence blood-pressure. Opinions on these points differ; positive claims of some experiments being roughly cancelled out by the negative results of others. On the other hand, there can be no doubt that alcohol after absorption causes some redistribution of the circulation. The most inflexible prohibitionist will admit that alcohol causes flushing of the face, and the fact that the skin vessels dilate is beyond dispute.
The amount required to produce this effect varies in different cases but can be within the limits that are regarded as therapeutic. If more blood flows through the skin and the blood-pressure remains unaltered, there must be a constriction of vessels elsewhere, as has been shown for the splanchnic vessels. So far as concerns the direct action of absorbed alcohol on the circulation, however much other points may be in dispute, there would seem, therefore, to be common ground in the belief that alcohol, without conspicuously altering blood-pressure or pulse-rate, does alter the distribution of blood in the direction of increasing the blood flow -through the skin at the expense of internal organs. As to when, if ever, such an action is to benefit the patient generally, or favourably influence the heart beats specifically, it is difficult to say; but it does not leave things as they were and must alter them for better or worse. That faintness may result from mere coldness of the skin is a common observation, and alcohol by its action on the blood-vessels may improve the heart beat in certain circumstances by favouring the return of venous blood to the heart upon which the efficiency of its contractions so largely depends. It is difficult in our present state of knowledge to lay down laws for the administration of alcohol in the class of case which we are consideriDg, and this difficulty is reflected in the divergence of clinical opinion. Until our knowledge becomes more precise, the therapeutic use of alcohol for its action after absorption on the circulation must remain in any particular case experimental.
Camphor.-If there is disagreement about the action of alcohol, there is hardly less dispute about the effect of camphor, and it is difficult to reach any satisfactory conclusion from the extensive and contradictory literature on the subject. Camphor has been widely used as a stimulant in cases of circulatory failure. The most divergent and conflicting results have been obtained from experiments on isolated hearts and on normal animals. No decisive and accepted proof has been obtained of any direct action on cardiac muscle. There are, however, some isolated points on which there is agreement. Hypodermically injected, camphor acts as a local irritant and reflexly stimulates the medullary centres. So far it resembles the reflex action of alcohol, and its use is subject to the same limitations. One would expect its action to be more prolonged than that of alcohol because the latter is soon diluted in the mouth and alimentary canal, whereas camphor, dissolved in oil, for example, will exert a more prolonged irritant action on the hypodermic tissues and maintain the reflex effects longer, provided the central nervous system is in a condition to respond to them. But, as with alcohol, more has been claimed than this. Camphor is reputed to have some beneficial action on the circulation after absorption, and, as with alcohol, it is here that views differ acutely. Attempts have been made to prove that, if camphor has no action on a normal heart, it does improve the beat in depressed conditions or in irregularities of the heart. Though digitalis, for example, would provide a kind of analogy for such a supposition, it is not quite the same thing to postulate an intrinsically or qualitatively different action on heart muscle in a normal and abnormal condition. On the other hand, the evidence that camphor has a dilating effect on the vessels, e.g., on the coronary and skin vessels, is more convincing. It may have some significance that, so far as their actions after absorption are concerned, both alcohol and camphor cause some redistribution of the blood. There is also the same type of disagreement as to their value. This suggests rather that the improvement in the circulation which is sometimes seen from camphor or alcohol is due not to direct cardiac action but to an alteration in blood distribution, and that the differences in the results claimed from them may be due to want of knowledge of when such an alteration in blood distribution will benefit the patient generally or the heart-beat particularly.
It is a pleasure to pass from the substances we have so far considered to the terra firma of adrenaline. So far as its main actions on the circulation are concerned, agreement is general, and it displays the same action in health and disease. It is a peripheral sympathetic stimulant. It augments and accelerates the contractions of the normal isolated heart, and has precisely the same action when the heart is powerfully depressed or even arrested by a wide range of toxic agents. It is the most powerful known stimulant of the heart. It also constricts most of the arterioles, so that intravenous injection of it usually causes a prompt, steep and high rise of blood-pressure. It is unnecessary here to consider its action further as it is so well known; but there are one or two points about it that are perhaps not so well appreciated. So far as its action on the vessels is concerned, the rise of pressure and redistribution of blood is similar to that produced by stimulation of the vasomotor centre; splanchnic vessels are constricted and the vessels of the lungs, heart, and cerebral vessels are dilated. It therefore causes an important redistribution of blood. Though, in an animal with normal blood-pressure, the effect of adrenaline is transient, in conditions, for example, where a low -bloodpressure and a feeble heart-beat are injuriously potentiating one another, adrenaline, by this alteration of the blood-distribution added to increased cardiac output, may produce a lasting improvement in the circulation. The transient nature of its action is therefore not a valid objection to it and is particularly unlikely to be true for *those cases in which its use would be desirable. Another point is that its action is independent of the condition of the central nervous system; not only so, but it has been shown that the sympathetic terminations upon which it acts are for practical purposes as resistant as the muscle itself. In a tissue kept for days in cold storage, or in an inflamed appendix, for example, the action of adrenaline is demonstrable so long as th3 excitability of the muscle endures. On the other hand adrenaline is a two-edged weapon; it acts with greatest certainty when given intravenously, but, so given, it is a powerful poison in slight over-dosage. It throws a sudden heavy strain on the heart and vessels. The tendency has been therefore to restrict its use to forlorn hopes. It has been used repeatedly, often with success, in threatened or even complete arrest of the heart, when that is not due to fibrillation. Foi this purpose there is no remedy available (other than its immediate chemical congeners) that can be compared with it. It is not improbable that, with increasing familiarity with its action and doses, the clinical use of it in acute cardiac failure will increase, and possibly in the direction of employing repeated small intravenous injections rather than a single large dose. Pituitrin offers a fundamental contrast to adrenalin in its method of action, though there is a superficial resemblance in their effects on the circulation. The action of pituitrin on the circulation is relatively simple. It stimulates contraction of the capillaries and smaller arterioles. It does not discriminate between the splanchnic and other vessels as adrenaline does and therefore does not cause the same redistribution of blood, though blood-pressure rises with both drugs. Pituitrin has no action on the heart and is of no value when circulatory failure is primarily due to failure of the heart. So far as the circulation is concerned it is useful only where it is desirable to contract the arterioles and capillaries. It has been shown that a variety of toxic agents induce circulatory failure from causing capillary dilatation, wherefore the return of blood to the heart and consequently its. minute output is diminished. Capillary dilatation has been shown to occur from histamine, bacterial toxins, snake venoms, proteoses, etc. Indeed opinion has veered round considerably in recent years in the direction of regarding the circulatory failure, not only in shock but also in acute bacterial infections and other intoxication, as due frequently to paralysis of the capillaries rather than to failure of the heart. This would certainly seem to extend and enhance the therapeutic uses of pituitary. It has been tried sometimes with success and sometimes with failure, with the result that its value has been somewhat discredited. Even if capillary paralysis is accurately diagnosed, it is inevitable that a stimulant can act only if the tissue is capable of responding, and that this will vary with the intensity and duration of the toxic action on the capillaries. The tenacious action of toxins of the proteose type is well known.
It is almost inevitable that in some cases of capillary paralysis, pituitrin will have no effect; in others it may produce a transient improvement but the circulation will fail again as the capillary paralysis returns. There is reason to hope that in cases where the damage to the vessels is less severe, pituitrin will have a more permanent action. With it, as with other drugs, clinical experience will no doubt in time discover when and where it may he helpful.
Beginning by waiving the exact definition of a cardiac stimulant, we have considered briefly the action of five important drugs which have been used for 3-1 I5 Proceedings of the Royal Sociely of Medicine beneficial action on the circulation with a direct or indirect improvement of the heart-beat. Other drugs might have been considered, or other factors in the action of the selected drugs might have been taken into account, but the foregoing may provide sufficient data for preliminary if limited conclusions.
With the reservations already made, the following r6sum6 would seem to give a fair statement of agreed opinion in regard to present knowledge of the action of the drugs in question. Strychnine is a central medullary stimulant. Alcohol and camphor, according to their method of administration, may (1) provoke reflex medullary stimulation, or (2) (after absorption) cause a redistribution of the blood. Adrenaline is a peripheral sympathetic stimulant and pituitrin is a direct peripheral stimulant of the arterioles and capillaries.
So far as the heart is concerned, that adrenaline stimulates it is proved, whereas it is more than doubtful if any of the other drugs have any such direct action.
So far as the vessels are concerned, two factors especially have to be kept in mind: (1) the effect on the mean blood-pressure, and (2) the alterations in the distribution of blood with or without changes in blood-pressure; in the present connexion the latter is possibly the more important. Reflex (alcohol or camphor), central (strychnine) or peripheral (adrenaline) stimulation of the vasomotor system agree in causing a redistribution of the blood, in the general direction of driving it from the abdominal viscera into the heart, lungs and central nervous system; but the site of their action is of importance in determining which, if any, will exert this action in particular pathological conditions. Alcohol and camphor, after absorption, cause a different redistribution of the blood, in the direction of driving blood into the skin vessels at the expense of the abdominal viscera. Pituitrin has no such selective action on arterioles (apart from the kidney vessels which are outside our present consideration), but has possibly more effect than any of the other drugs in causing contraction of the capillaries.
It is clearly impossible to coerce substances so dissimilar in action into a common group, and it is obvious that, from the therapeutic side, there are all the elements nocessary for confusion until we have a more accurate classification of (1) " cardiac stimulants," and (2) " cardiac failures." Two examples may illustrate this. Cotton and Lewis have described fainting attacks due to vagal stimulation and relieved by atropine. Inhalation of ammonia has been used as a stimulant in fainting attacks. This inhaled ammonia irritates the afferent fibres of the fifth nerve in the nasal mucous membrane which is believed to stimulate the vagus centre. One would suppose, therefore, that in vagal syncope inhalation of ammonia would be likely to aggravate rather than relieve the condition. But there is no indication of this so long as we speak generally of " cardiac failure " and " cardiac stimulant."
Cardiac failure may occur early in chloroform administration from ventricular fibrillation, or late -in the administration from paralysis of cardiac muscle with respiratory and vasomotor paresis. In the first type of lailure adrenaline, if it could reach the heart, might do more harm than good; in the second type of cardiac failure adrenaline may save life. " Cardiac failure" due to one poison may therefore be aggravated or relieved by the same " cardiac stimulant." So far as the " cardiac stimulant " is concerned, at least three definitions are possible. It might be used to denote a drug which in any way, directly or indirectly, increases the output of the heart. This would include, for example, all the drugs we have discussed and would give no indication of how they acted or for what conditions they would be useful. Secondly, the term might be limited to drugs which increase the minute output by some action on the heart or its nerve supply. This would exclude vascular effects which secondarily improve the heart beat, but would still include drugs like adrenaline, atropine, ammonia, etc., which act differently, and the therapeutic applications of which are not interchangeable. Lastly,-there is a strictly limited definition as stated for example by Wiggers: " a cardiac drug will be regarded .32 6 as a true stimulant if it produces an increased ventricular pressure maximum by a primary effect on the heart operating under the constant dynamic conditions." If the term cardiac stimulant is to be retained at all, it would seem necessary to restrict it to the last definition. If one must have descriptive terms, clumsy though they may be, one must call strychnine a central medullary stimulant, strong aldohol a reflex medullary stimulant, pituitary a peripheral vascular stimulant and so on. The specialists may grow independent of nomenclature but others may easily be misled by loosely associatiDg under a common designation drugs with inherently different actions. Similar precision is necessary on the clinical side. One is far from suggesting that it is ever easy, or even in the present state of knowledge always possible, to determine the primary cause of circulatory failure in a particular condition, but it is undoubtedly the ideal to be aimed at. Even now there seems no reason why, for example, syncope should be classed as cardiac failure, whether it be due to overaction of the vagus, paralysis of the heart muscle, or even dilatation of the vessels.
Research on the mechanism and disorders of the circulation has, broadly speaking, busied itself with the heart, the blood-pressure, the capillary circulation, and the venous return, roughly in that order, following the usual tendency to proceed on lines of ease of observation and especially of measurement. As failure of the circulation at any point is reflected in change in the heart-beat, and as the latter is relatively easily observed, the tendency has been niatural and inevitable that the innocent heart has often been wrongly accused. With the advances in knowledge come classification and terminology, and it is probable that, with disorders of the circulation, the latter have not yet caught up with the knowledge we already possess.
In short, one looks forward to the time when the description of a disease will cease to mention "cardiac failure" bat will substitute vagal syncope, paralysis of heart muscle, or of the vasomotor centre or of the capillaries or whatever the primary fault may be. When these conditions can be not only detected and separated but also suitably named, and when a corresponding precision is introduced in the classification and terminology of cardiac remedies, disease and drug will be more easily brought into alignment, with a consequent gain to therapeutics.
